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(54) SEMICONDUCTOR DEVICE AND FABRICATION THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device and a fabrication method thereof in which the 
gate electrode can be made thick enough to block 
implantation of ions into a channel when a self-aligned 
diffusion layer is formed by ion implantation even if a 
material having a work function close to the midgap of 
silicon is employed in the gate electrode and an undue 
tensile stress is not applied to a gate oxide. 
SOLUTION: A gate electrode 11 is composed of WSix 13 
and polysilicon 14 and the lower layer of WSix touches a 
gate oxide 12. Since the work function of WSix is close 
to the midgap of silicon, threshold voltage Vth can be 
controlled to a correct level. Tensile stress being applied 
to the gate oxide can be lessened by making thin the 
WSix layer and the entire gate electrode can be made 
thick enough by depositing polysilicon on the WSix. 
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(57) [KM] 

[Kfl] y- h*«(cft«H«f;^^ >; 3 >© 5 ? h +' 

[»^«] y-miiBwsi. i3iij<'j-> 
2±srr*. wsi, <Di±mmmtisvzi><Ds. 9 f«f 

Ware**, ws i, ©MliKticitctijy- 
HMftil«:j|io*>*5lo»»jJ£a7tt««Sti. WSi, © 




I 0 : S 1 *« 



[#W=itt#©«6H3 

&Mi"j-9-<< f, ±Ji***yj/';3>*»6a*-Ji** 
•c*sci *#*4 -r s^aMt&a. 

[ g»#3f 2 ] fnBMIHMt&IR f y If -I' F t*. * > y * 
f>J/'Jt-fK(WSi x ), t'jyf»'Jt^ F 

(Mo S i, ) . £>£;U->yy-Y F (TaSi, )S 
XJ=f-*HsisW4 F (T i S i , ) © 5 £©t>-rtlrt>— 10 
oT&Sli^ 1 IB«K0¥W*&8. 

3 ] wieKft*^[S-> y k©iw». m 

[»#JB4 ] ^¥*tt&Ktt***ftX F7>yx$ 

•c*<3. i?ia;s^#is->y-y--Y f©«w«. fjfaisw 

$)Jfl F 5 > s>x £© b # i, *WrM<Dmt£M'm-? & 

*satci»<. TJioy-hMffcBiccanAssio 
cs»*i5 ] wia* y y^xt bur (a s ) , m 

(P) RO'rJ<a> (B) <D5%<D^-rtlfr—' 0VA±.1fi F 

[ twas 6 ] buib«®l*#js ^ y -y- a f « . isafa^^fe 

1 l2tg©*2»f*^go 30 

[Hpmii mM&¥m#mm*. tsfiMMos (cm 

OS) Fv>^X*T*Si9#J«lfB«S©4^ttil«. 

y- ns^, Hutay- nMb«tc«r*T»*wnba 
>;t^ f, 4>JB^MSif k<M. ±Ji#tf y y =■ 

So 

[smm9] ts2zmM*&m ^ u y ■< f « , * > y * 
f>^;t-fF (wsi, >, *y ^f>->'jt-f f 40 

(MoSi, ) , jr F (TaSi, ) R 

0***>^yiM F (T i S i , ) ©^©l>Ttl*>— 
o-C S> & IS5)?3S 8 ia«S©*a»f*^S= 

[ is*3i i o ] mumm^m f ©mji« . 
&*-ci>mstt y j> y =i >©J8/?© 3 #© 1 1* sit* 
5(8ia*8©*2»^E. 

iw#a i i ] wiB^fl*«tt*jw»* f ^ >^x 

* r* <3 . iiiriBiftBi'S&JB UWAY ©RW tt. mfia* 
#W8>S F 5 £© L * t,>ffl*E*BTrffi©fii{cft()»-r 
*C£**-C**J*St?*l). ffiay- F*ffi^i*©)gi« 50 



0-3 0 3 4 1 2 

2 

» <3 4ci **-e * zmmm < u © 

[imm i 2 ] Buta^K y ~> y a >ra. «* < a s > , 
» <p) Rcjf#a> <b) ©*>*.©t>-rtt#> — r>«±# 
f- f> y§nTc^t##^8fe*g©¥*f*iig. 
[ mg&s 1 3 ] ffi%zmM)a&m isv*<t f t*. meus 

C«*3«143 WfB**#*IS«. tlMSfMOS (C 
MOS) F^>^*-C*4l«*«8iatt©*4W*K 

So 

[ffl*ffl 1 5 ] ^ + *JU©±{cy- FB§{tiS^^LT 

striay- fm®«. away- h^uncss-rsTM*** 

M^fefll^y-y-f F\ iJi^y^yn^^e.^^-B 

Btrfay- f nmoMmicj&f&s tifc. y»x/F*u-f> 

fi£fiB*^-r ^^©HuteL D DJl-v©^^-Y ^->© 
ffiA*FI±t--S/c«!>©-y-^ K<5 + -*4. 

[H*^ i 6 ] Miay- Fms©±tcx f i o, 

*H»fi6S tir C» *»*33( 1 5 IB*g©*J»<*ttg,, 

1 7 ] HtllBWK.^Jl-> y KB. * > y 

^y>^yif-f f (ws i , k *y yy>->y-9--r f 

(Mo S i , ) . Z^iuHsV-V-J F (TaSi, ) R 
Wf-Z^fV+M F (T i S i . ) ©5 *>©l>-r*i#>— 
or**fl*i l 5gB*8©^((**ia. 

[ m*jg i 8 ] ffrfBMMus&ni ■> y -y- ^ f ©ii«« . 
ft^r mrsa^ v > y a xommo 3 ^© 1 -c$> «n« 

^1 5fBtg©**(*^K. 

* -c* o . wssi«B*^i3fe«^ y y f ©Rill*, iffas 

•5C4*i'C#.2>Jl$t , &«3, Miay- FSffi^:{*©M^ 

*^H«WcaA**i*©*Fl±-r * C 4*»T* 
*eflt«c»<. ^o. TJB©y— FBMbJRfcJJUA •531-3 
3g0l&^«r+^«IA*C4*J-CtSea(C»< L/cfc© 

[g»5£JS2 o] Btrsa^yf ya>«. w* <as> . 

»(P) RWp> (B) O^OUW-oHb* 

: imm 2 1 3 m&ism&&M ->vim f «. kim^i 



(3) 

3 

mi 5Etto*3iK*asiB. 

[WWHR2 2] BUta**i*^g», tltfMMOS (C 

mo s ) i-5>yxfT* sm&h i 5 nm<Dmm#m 

So 

uneimu^iAiis/ ut^-r FBt©_Ltctf y f y n ^hh^js 
anBMM&£ii&' y -y- a kkrcw* y f y => » 

* + * ;HW«c£A S ft & © *fflitr a e & # r * 

[ njm 2 5 ] mmum g&m is y v- a fih* . wis 
3 eiHD^»iDHim 

[»#J!2 6] fflTIB¥*ttftlEt2. tiffl^MOS (C 
MOS) h9>S?X*r*4l»3CT2 3^©*3«*« 30 

[0 0 0 1 ] 

jii-r-scifCcfco. y- h®S^tJK£^g■r£|?ffi©y- 
l-?tffi©{±5^^KI£fc£i'' y K » :7jS2I«:IW 

*>©-C*^>„ 40 
[000 2] 

[«£*©S0fi] fBffiMMOS (CMOS) h5>^X2 
«Ctt. t»tol9>4M;Ui'«tJi©fe©©flfe(C > SOI (Si 
licon On Insulator) flfji© &©# 

s 0 1 mm<<m*ffl±<D5E±ftM&® . 

IStcv? hx^-OWW, CMOS h5>^X#tC#* 
(Dvv+T v 7'<Dfflm-t>W htiZU 4. c 
©teat), i>y 3>rStt»©i?S*5 0 0 nmSKiL/c 

SO H»jfi©CMOS h7>^X*LS I (cot^T. it 
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ftftfco 

[0003] s o i mmcommoiy y a >h©j? 

5* 1 0 0 nmSatC*-C»< U Sfc, + * ;l/^i|sfi 

wm*> tktm&tbtcfflffl ox . 5^ y 3 >iitayi©s« 

JC-TSi. ift^AJWOlflW^MOS 
[0 004] iC5t?, IfOl>^>^^>hMMO 

*sflCTE<-r*sfiw*«**. -7?. mos 

© K u A > - V -XlHtc*II*.ft:*8«EE© ^ K U W > 
- v-xitW8J«*b&©W, «as*a*>e> L#^<BS 
eEv„.*gn,»fcitc*5. ccotab. u*c»»tffiv«» 

EV th ©MiEfil«. 0. 5~I. ovfi«-e*s<t5n 

CMOS©y- hSffitWiLz-Cffl^Sti^. nM 
OS h7>yx*©b#(,»tt«IBEV tll *±IB©aiiE«eH 
Kl-fStttt. ^ + *;b©^i|$1^gg£i&l O'Vcm' 
SfltJUUbK: 0«cWtitf «c6-i*. lfc*i^tS O I tjftg© 
MOS h^>5?X$r*3S£2»2g{C*- %Cii»l<& 

So 

[0 00 5] t©fc«>. S^IOJSTi^^^X 

^> homos h^vyx^^^-rs^siu-c. 
y-nst#4tcp- ipys/ya^ (b-dopos) 

^fflC^Ci^ft^nrt^,, L/^L/. nM 

os©h^>^x^tc*fL/P* ?j< y ^ y 3 h tc 
v th (**5ji. ovr*o, v th *cnj;OTtf'S) f c*ic 

ttnMOSCDft*^ (P) if-'-mfti'O* 
F-7«rtf*>!5:Wti«&6&C». UA^O, C© 

•C. LS I ©»iffl{tO££-3T«$?*L 
[0 00 6 ] oyt^-oT. *S^ > n* #';v)3>teJ: 

o'p* ^y->y3>©£%6 ; &'>'"hmfig<i:-r'5JS^«c 
t. rStta^w«{t-r-6»ittBso 1 ftuxKMbx 

«. h7>yx^©L-*^<gV th ^0. 5Vfia©SSlE 

fxmicmw-rzckitjzuim-c&z. tit. fmsz& 

©K9>i>x$(c>FtLr^. ^ +• * fo<D^¥iMm8£ t, » 
[0 00 7] efc|ffl{fc©jttf AJl'i'^ y 3>{CJ;S 

mos h ^>yx^tcfc^rt>. y- hsn©W4i u 

tn* M©tf y^ya>:*m>64rri*;fc„ ChB, if 



o ■*>•*-< ft £ £ i> 5 MB*** 4. 
[0 00 8] CMOSCCO^tit nMOS0l 
*^«*Ei P MO S (DL/ *^««E©<e*t«l*ff 0 < 

*£ft4 0 «©CMOStii 4 WacOilStC J: 0 nM 10 
OS, pMOSO^-fti©^ h««K:fen* ss©#y 
->y a>JBt*JBl>Tl>/c. C<Z>*§£\ nMOSipMO 

Ytr4fc#K:, j»»«pMOS©^ + *Jl/fil«tcS< # 
P> (B) *-Y*>aAU ffl h 7>^^©l^I 
«KV th *««^U<S5£OT(,>4 D l^U C<DJ-t 
>& A*C <fc 0 , W«S*«±» L + f "J T 

«C^ffi^ + *-rUSSr, ^ottf^ieilfb&CMOS h 
[0 0 0 9] C<Dtctb. * + *)Wim}m&tclr}Vrj: 

v th **ffft;<b"r4c<tfcr*s. cncco^r^, /c£ 

*Ltf, • t>VLS I 7*?SU*s- ( 1 9 

9 4^) mm. mmm^2. 2*#jRw-4c£**rt? 

4 0 

[0010] UfrlrtXHfih* nMOS F7>^^ip 
ys/yn>*y- Mffii Itffl^Si, nMOSOn 

* spy*^y=i>y- hipMOSOp* *yt^y3>y 

»r4£iom«***4. *>*>4W»*> y-h«& 
cD{gffiftf tcofc#>cc # y > y n >co±/ltc ^>Wf> 
^'Jt^l' (WSi x ) WOlsVIM F*flft>fc£*fc 

*^cgi*£ft4o 
[001 13 HI 4 tt, C©C4*RI!Bt*fc»OBt 
WH2E±OnMOS h^>^*5 0 (y-F« 
ST1WU^'J3>5 KJnS) £EHg*±G>pMO 

sh7>^^^5 2 (y- F*ffiTH<D*y*>yri>5 

3Bpfi) *ftftfcS*TWIHTIII©CMOS5 4**SR 50 



1 0 -3 0 3 4 1 2 

6 

B<D^>^^>^y-y*-Y Kit 5 5, 56£iioTfgS 

tcs£isr$-4fc#>. #ys/ya>5 iso'5 3(Di±mm$k 

*iSCtt.*r4- CttfS. ^y-fr-Y F^cDF-'OFOJSftfc 

[0 0 1 2 ] CCDCi^6, J*)l>#isV n>0Cj:4CM 
o s 9^* -Y ;uc*$i>t fe, *»t)Sh7>^df ©y- 
F mmc F > F <£> # -Y :/#Sft £ # y y n JB 
l^OTW<, ^y n>0D^> F*> y 7'<D*Pg: (5 

» f*> vvi ffiaccftwKiwrsra— *-Y^©y 

^•J3>05 * F*> *:/^tef±*«8#*«T4fc© 
#*l»WI»jasfe«^yif'^ F#y~F«St«4£t/t& 
Bsnrfco, ^rfc-ty^-r^y-y^ F (MoS i 

„ )^^>^f>y'Jt^h' (WS i x ) ft£{*, S 

i0 2 £i«8Ej£0ftc>©r % y-F»]££A£<^b 
ti>4„ Bi5a, ^>y^7">^yif^ f (ws 

i x ) 6 0 hlii Itffl^/cMO S h 7 

>^*£<D0fC*4o C<Dt&£\ -*©MOSF7>^ 
*#<D#*BiSUTt,>4#^ CMOS^Jflc-rSffe*'© 
MOS F^>^X^CCfcPG#H<D^>y^'r>^y-y- 
-Y F*y-h«iiUtffl^t^*. 

[0013] 

[W»MK«0J:5£T4aW] £C4T\ y-F^ffi 
«\ v-xStfFW (HTry-VKu 
^>&ffc!iJ iC^o ) *@B»£0c<fc4-T*:>&A"C 

5tc^-r^>yxr->->yif^ F6 ooy- f^@&. 
[0014] Lfrute&z, -#r. mk&smi'Vir 

YKB«c^tlO s Pai(r»5t-#-©^* 

Wti mtctt L/r^c* tt5 1 o « 0 tfMj*EIM«-f 4 C £ ^ ft 
4o y- FWb«CcJntoi5lo««3J**«:J: 

4 y - * ««^»BS««W* AT 4 £ I > 5 WH*^ D , 

[ooi5] *»w«±Be*wcc»-^i»r ftsnyfcfc© 
r*^, y-F«ffitcf±*5B»^^yn>cD5^ f*> 

4 a as^ttttii* »jsw 4^cd -/ * >w * * ;^cca 

A3n-5©*ffl±^4Ci*sr*4gttCcy- h'^e^ 
»<r», 3^o k y-FMYbttCca*Jft5loSS0^4 



7 

[0016] 

#©l|Sl ©BIBB. 9=- + *JKO±{cy- h®HbJ«£/)-L 

m&y- bmmu. m&y- bmitmcm-t zrmm 

m&&m f V V- A F . JJB ') i"J3>*6 & s - jb 

[0017] ±K©a»*i!JiSf 5fc#>©*2©|69i 
B. ^**;uo±tcy- MWfcil*^-Lt:»jiR3nfey 

*, ibb*'- f ^{t^cc^-r zTmt>mi&&&m ^ y v 

■i F. *J1 **&HI&{I:«. ±@ * s jK y f y 3 >#> & £ 
•sfc»©^3©^tt. 3=-+*ju©±(cy- h SE-ftai* 
wsauc l d Dg^wrs^^gtcfc^r. OTsey 

n^y-y-r f. ±®*5=j<y^y 3>*6«cs-@«jfc 
$>k>. mis.-y~bm%(ommicB^titc. v-x/f 

[0018] ±IB©aW*^S;^S/c*©^4©^BJ-c 

ab-5*«^s©iSi*^i*{*, * * jKo±«cy- h n 

4. BuiasffiL^^if y-yw Fm<z>±tc#vi'va>m 
*%mt sisi. ttei*M&&jH£' y v ■< furv* 
y y ^ »g£x 9 > y L-cef^ttfc^ # - ><b3 
tiAiiMH^M f y -y -r f so* * y s/ »; a >*» & a * y 

[0019] SuEIS 1 7iSK»4(0»9i«C*»(,>'C. 

3fe«^y-y^ kb. *>^*y>*>y-y-f f (ws 

i , ) . -tyyy^UtM F (Mo Si,). 

MTaSi, ) F (T 

i S i. ) ©5£*>£3ffiR-f £C£#-Ct-2>,, * 
Ui/ya>». «(As), M <P) SWo> 

(b> ©5-fc©i>-r*i#> — 3«±*<F-f >ysnri» 
r<b<fct,>«, m&c. !BH^«^y-y--f f«. Witf. ft 

MfaS&R? Wb^4?nn^5>3i{b£!|$54££ttfi£ 

[oo2 0]ii©^tt. y- h^fiBW^y-hg? 
{tKtcfg-r^TJB^ftsi^w^ y-y -y F4-t£c4w: 

©^*> f+> » y©** < s y f*> f y> #jfi(c*ijtai 

s. c©»«!i^^«'>yy-^ F©±{crtapjr.*© 



(5) 1 0-3 0 34 1 2 
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JfcttW/hS 'J 'J a 4 c 4 tc J: 9 . y- 

«*«&*©»«: * + *>i&&ic*>£<m*j:*tm A tf> 

"c**. gfc. F*jspfS^j©A*c»iSifc^si->y-y-f f 

©*W*+#&*3CC»lR*ac4#'C#4©-C. f- 

[0021] »2©«9i«. y- hftfii*. TJItf AR* 
y -y-r f. fjaas^is^bfj. ±Jiw;->y 

10 3>4t,>3=Jg«3t4l,fcC4tCj:»). SH 1 (OftWMP 

mRzmmcmz.. Etc. ±Ji©*y^yaxc^*fi#( 

y-y-f F©tt*M«OS0ft*W»CCftliliC<!:3&Jt?» 

So 

[0 02 2] #3©IES8tt. UfEiO. -y-C Kr> *— 

*sw 4 c i cc j: o . mi c^iicfpfflam^wt 
20 c<t#-e#£„ ^4©^w». y-h«s©-5^y-h 

KlbJKKgf-rSTB^Jftffi^Ki'yy-Y Fi-TSCi 

>©s -v f+> yyftiacc«i8p-c#4©r. 

•c#4 0 *yt. c©«Bt^3Sfen^y-y-^ F©±{crtSPis 

*©ittSfl«J/jN3 U ^ y a >£ftm-? Z> CiKiO. 
y- h*@^©)g/5*. aBSE^tcJ:4y-^/Ku 

a»->**aA3n*©*IH±-r*©«:+»a:j»Si-i-iC 

30 <t#-ei*£o rtS5Jt«*©A*t>fta^^is^y-y 

[002 3] 

il/rffll»*tm©ft3M8»«. y- h©U$t,>fii1I!I 

y- HMb«i»r**»{c»i»»»©f±*i««r«t3! 
^*4. y- h«fis*iy- hBMuttcEiaio-r *5i 

®/hsi>fc©*fflc>n«. y- f-gMtttccEPflnsti*?! 

ff^©i«(c * * *)y>m*KTy&W£*mii<< *>ifitz\ 
s n 4©*pfl±t? * 4iiis©Mff 4 -r •& c t t^-c * s . 
c©<fc5&£(c#@u y-h«ffi©^-fe, y-hgffb 
«4«-rsw^si5»{c«^ y a >©5 f*> » yjfia 

4b. *©±tcrt»j&&©/jN3i»#y^ya>4. SB 
50 IS^^isaijtll^fiSORSCC^ + ^^Sl^fcWS^qF 
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jfsfrf^ -i * > ifi&K S ft * © *IB±r S SS«©fl£ S «: * 
[0 024] HI B. CMOSfCDflftSBrffll,^ 

ft.&:*»w©* 1 *tw$»©y- f *«©*»*** i-fc 

tW®H-C*-5„ {10, 01©y- F*ffi©fltt£B. nM 

os, pMos-c±tji-r&fctf>. ^cM^iEaiJbt:^ 

&t>„ IIOMOS h7>y^^B^*^i7t^<D^';=i> 

isiooiKMsnTi,^, y-F«*i ib. ~> 

';3>Sil 0©±»Cc. S i O, hK<t 
Ml 2 *ratC:frLT0K)S3*l-t ir'-HIl 1 10 
B, TH©£>yX:r>^yy F (WS i , ) 13i 

jm©* n> i 4<D—mfrhU-?x^z>. vtc& 
or. y- f*«i i ©s*,. y- h^tKi 2 igi 

-C04CDB. ^>^f>i"Jt-/ F 1 3-e*£„ g 
fc, _Ul©!j< is V 3 > 1 4 fcB, 5lt» (As) * 5 x 

lO'Vcm' ©F-x*-cF-yLT*«j. ^« 
JK** 5 J4. 2xio i0 /cm 3 fllSiLr*-2> 0 tft«: 

[002 5] V- FSffi 1 1 ©jgffiRi>*±StCBJSIffl*g 
tNBEl 5 3&JJi5RS3tirc^. *fc. H 1 ©FftfMtctt, 20 
K «5 ^ 5 SR^f- t <DmSmiifM<Dlt»<D LOCOSSK 
J:*3R^IWH«1 6*sitt*5. ft, ilTli. y 
- 1 1 <DtE^mm<Diy y 3 1 0 t}J{c)fJfig$ 

[0026] y-vnmi i«t^-i©^, t 

gCD^>^Xf">^'J1f-Y F 1 3©Ii««li3 0 n 
m. ±M0a#VtsV 3>©fl»«xtfl 2 Onm. £ 
Itt? 1 5 0 nrat-r-5.0 C0«SOKf*i*nK. 

4 * >&Tm<D jMcjiA $ ft 4 ©* waweHjhy 

[0 02 7]— 73. ^>y^f">^y^^ F©rtS5l5^l 
B. til*±^o-c^l0 9 Pa^a-C*<3. #yS/!J3 

^©■e-niib^s ittfss^c*c>. c©j;'5^^>y^ 
y>->yy>e f*{rcc i 5 o nmgs©^ji{c*Birs 

i. *©rtS^;*jecjjaBl/-CTJl©y- hifrtbl® 1 2 tc 
B^c^:#!tc?lo3g | 31c6**iEPtt]$ti. y- HMU* 

6. *>y*f->5>yy^ f i 3©h£3E£. ±12©^^ 40 

CC3 0nmSK(c«lASi. ChttlW^'Jny 
y- h©JSJfE©l 0^©lfg)K©«3-C*D, C©±(t 

1 2 0nm©sj<y^y=i> 1 4^jtmLtctLx<b. y 

[ 0 0 2 8 ] (88. **SfeJf5Ji-CB. ±IB©<£ 5 CC * > y 
xy>->yy-W Fl 3OHt«il»30niniatt 

r-*s£i,>$#j#Bf#6fts. -73. *>yxy>s/y so 



•ftfflW- 1 0-3 0 3 4 1 2 
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y-Y F 1 3©«IJ|E©±|®Bit^T'lf-5rtSH5lS^©^:^ 

$ . scjf±«ca»-r s * y f y a > 1 4 ®m«ic fetsi? 
-r&#. ^ 1 0 0 n mfieccftii^.^©*sss ia> 
±ie-cB, ^>y^f i >^yy-f f 1 3<d±icb 

y- F*«£f*©/*3 #w < & 0 r sr s £ . -s l 

D D ©fc<5?>©y 4 F 9 * - Jb© JfJf£#ffl!t £ % 0 . * 

TT-S.O *>4»&Mj&*>6. *y->y3>©M^BMS L 
<B1 2 Onm. ^<ii9 0nmggit5i:£* 
•SL^TChi>. Ltcfr-oX. tt>i?X7->i")-*)-J F 1 3 
©Mil* 30nmi UfctS ^Ktt, y y n> 1 4 © 

[0029] £>yxr->^yy-f F©<fc9«c?MWfefe 
y y a F<Dft*Mtt*. f y 3 >© 5 9 Fy + » y 
isaKiiiiti,^. L/c*ior. y- nsgfbsi i 2 <t 
^y-g>gp»(c^>y^7->^yy^ K^fflutMOS f 
^>s;x£©y- h«ffi*^jsSy*iB. ^ + 

©i/*t»*mtEv„.*o. 5vsflt©jS^ftfli{ciB5-r 
■5>ci*5-c^^ o ^ ^>y^7=->^yy-f fb. ^> 
F-yrfe«ti»i/. W(As) , i(P) , *-n> 

(BJfOM^F-XtlxiO'Vcm 1 «±r 
F-yor. ^•©f±*M»*$UffliL'rfeJ:^ 0 

[0 030] CO/cS), *>#>SMOS h^>yxi?*ffl 

ib-c^-sit^fij.^*^. Ji<y^y3>{cj:*y- h 

mi£V th ^r/c<i:x.B^JO. 6 V £f£fc«>tCB. ^-r^ 
J^««S5:10 , Vcm i ©*- y-J2i_h5C]«abS 
Ci/«!>St*ofc. CiT.(C>!t o. y- h^fb^ 1 2 £ 

jgy*gB#cc £>yx^ >->yiM K*flic»4£. y- 

F*^> F-yt^f 0 ,6 /c 
m 3 ©+- ^-«T-e+»-C*€.o C©£#. «T-©^ 
ttKB. T<¥mtc& Zti&LW'Pt* < 64»** < 0 . 
^©JS*. MOS F9>^f©1KWB«lllB**l*»4 

[0031] <bc5-c, y- FgrtbK©S i 0, 4>©0 
it-ij. *>yxy>->yy-f f (ws i, ) «©*© 

-C. $>Wf»'Jt-f F*©S iH^-©fe^*sc^ 
*»«ciKy-FBWfc«l4«©0« ; f-4IS^r***>*i. * 

>yx^>->yy-f Koy-HMW(c»T4««ttic 
^#<ki^t-5. ^>^XT : ->^yy-Y F*^sys- 

F, ) /~>7> (SiH, ) S^JR^X^ffl^?,. i»*> 
^•2>i"7>S7cCVDffir*S, L/3&>L-. ^7>jS7cC 
v d jfcr y - h tt< t«l±«: fiXM o $ > 9 7. y > ^ y y 
-f fb. @#TiyjfitU'^y(,>£^5ffle#*a. cn 
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*3r4 FJCfct, mn. 10"/cm i fc©:t- #-©F JS 

^'Mstitfefj, ¥- vmm. (sio, ) ©01 
^i^-r^t s i m+ote&m&F m*vffift$tix 

MibC V Dffirtttt < , Wlfc^JS? v itm t ? n n ^ 

m-r*. a? Ht£>yx7=-> (wf, ) 10 

iy?nni'7> (s i H 2 ci, ) £^t?il-&;tf;*£ 
MWcCVDS ( ry>7CJn->-5>jl7cCVD&j <t<- ! ' 
0) ^rffl^S., s^pn->-5>S7cC VDffi«:J:-o-CRS; 
jgsnfc^>y^^>i";-y--Y f«, <-e©i$fii 
SK©i«3k:cfc£ittlltt©J:£fcjtaHbT. ~>7>Stc 

m0iA^*AS3tff^<£< (lxi OVcm' fIS) . 

ccofcto. s i m+otmtemtt&Fm'T-icffimsti 
[0 03 3: tKD^tc, %mmnm-cte> —mtcm^ 20 

6n-5.->-7>S3cCVDS-C«^< . ^OB^7>I 

CimS, L,*>4>. f>Wf>->'Jf-fF (WS 
i » ) ©WJlT-tcSt-r -5 S i M^©iflf£i± x £ 2 . 7 « 

S i >; ? ^frsCtCCfcO. JI3 1 Onm^KDy 
-hMft«OWBE«>A»(Ci|«*-rsci3&s-C*4. 

[0034] H2«. cMosmomm^mmmssvm 
m2<Dm&.x-m 1 y- 

1 1 ©±(CX h s>^S i O, 1 8*0t£OfcC£. y- 

bmmi l^Jcfc^x h ->^ - s i o, i 8©pm{ct}<'j^ 

Va>frhtJ:Z>?-< F9*-->H 9*KWfcjS"C*4. 40 
[003 5]Xh?;<SiO, 1 8©fiW«. 1 
50nmi«. C©SSOiJf©S i O, 
«Bl l©±KJf2lj£LT*5< CiK±<5. nMOS. pM 
O S ©OTttfc** i/tfe. J^II^«©ft:at><c?KttlX© 
-f * A**t -a fc« 6 h *8i 1 1 *©*«*J*tt 

>fy-y-f f i 3©*©^*fi!Uj©f 

y^F-^rtxfcl^U lit* (A s) . J* (P) . #a 50 



^gS^l 0-3 034 1 2 
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> (B) K-X«l x 1 0"/cm ! «± 

1 *»»«©»£&BI«T*4. 

[0 0 3 6 ] F>)*-JH 9». LDD (Ligh 

tly Doped Drain) X^fitTCS 

© -f sf- >&A£*T 5 mc L D D IB lC&fttj;^mt&&. A 

&*>yxf->^y-!M F©S^gS{t*RS±-Ct-5>t^ 
^«6*<>**. K«5*-iH 9©J¥3«. 
150nmin. WSm^motdH><D-< =J->£A£fir 

^tjKctt. >;>y*i»±"r ztcibic, a*»x 

7~v yA-'^yct^HTO (High Temper 
ature O x i d e ) -?>S i S«©8Mtfc:J;£gHt 
fig (HSWf) «:»JjSL.r*s< CiM*i&S. *jr 4 

[0 03 7] i3!i, CMOS^©^*#*«lH]SS-Cffl 

ftlliW*««"r*. H3©«JtT?Hl i«tt-S©». * 
>yX7 u >~>U-9--r F 1 3 isKUJ^y n> 1 4©Wffi 
(C. »(,^b^>i/Xf-> (WN, ) !2 0 4Wfc.#. 
•C*^>„ ^{b^>^X7 i >§l2 0©J¥S«^3nmf* 

[0 03 8] ^>^X7 u >-> , ;if'f F 1 2«^> F-7' 
rtJrc^. tit* (As) (P) fei'©^^^^ 
^BlO'Vcm 1 SOS© F - Xfi-C F - 7' . ^© 
tt*WR*J^<cllK:«»-rs«t5«:i,-c*>J:i». fft. 
*^SfeJfJfig©«j§r«0 2 ©J: 5 &X h ^ S i O, 1 

8«jfMb^^©-c. ^ n >i 4«. WT« 

n> 1 4 i^>^f F 1 3i? F-^*> h 

©^-Y-7-SWSS*iS^'51i^*i*'2.^> W«©ra(C^r 

*jt-t-s^*i6^©feift*i}q)^6ns©-c > y-h^tsii 

2i$>^Xf->->>;if^F13 (DRW&ftVitmM® 

[003 9] ^(c> *siKi4y- ntffifcwf 
5«**6B©«ai^Soc>riliW-r4. OS). cct?tt. H3 
2tc^t/c«Ji©y- h*fii?rW-r*^z»<*^K©!S3i 

mo. ittBj©ffiaj;, 02-cfflc^cit#<t« 
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»«3 0±«:LOCOSffi4fflC»r3R^*««3 14 

«3 0<Z>±tett, S i 0 2 *6&&y-F«Mb«3 2* 

[0 04 0] ^(C, y-FBtfbBt3 2©±CC, £>^X 
f>^';t^K33^M«o «©*3Bft3 0nm 
^C&£ e fSJ, y-h»fUi3 2<0±«:tt«J5»BI'r*C© 10 

5&C7n:7 Wb£>^X^> (WF 6 ) i^^D0^7> 
(SiH, CI, ) *#t*«^;tfX*ffiC»fcCVDffi 
(t;>7nni/7>l7uCVDffi) 4ffli>r, *>y*f- 
>^>;if- ^ K3 34S i y (WS i x t?, S*b< 
ttx = 3«±) tc^S 0 C*UC«J:*K mft<D£*)(<t2> 
VTsTlsi/WA F3 3©y- FBKbR3 2tt#hr&S 

tt, Co 1 d-Wa 1 lSfCDLP-CVDSIB*ffl(r\ 
ffi!£6 8 0 o a 11*4 0 Pa<Dfe<tr. SJJ5#XtLT 20 
S i H 2 CI, , WF, , A r 4, f ftf ft 1 6 0 s c 
cm. 1. 6 seem, 1 0 0 s c c mCDifefi-CSSTo 
[0 04 1 ] £H>T, #U 5>y n>3 4*Bl&t2>o Ht 
01Sl*fil2Onmt*S. C<Di#C[)0E^fefl=«, 
Hot-Wal 1S©LP-CVD«I4S^ S86 
2 5°C, Ji*2 OPaOfeit?, Sft^iUTSiH 

4 44 0 0 s c cmomraft**-. H5«, ^-FBMb 
^3 20±(C*>^f»yt >f F3 3, #ys/«;a 
>3 4*»«L/^tt«*7nOrc^o CO— o<Z)Jl*s % 
f^<D<fc5Ccy-F*ffi&&4 0 B 6 tc^f <fc 5 30 

h««i&4^y^yn>34 4#<*f b-r £ fc» icfnb 
ft&o ^*MHt0r»«A»3» (P) *mv cmjd 
SSE15keV, F-Xtft5xiO n /cm J r-f 

[0 04 2]tl^t, #'J5/i; 3>3 4©±«:;* h *;\' 

5 i O, *»flST*fc«>©S i 0,«3 5*««tr*, 
07»S iO, *3 BSJBtftl/fcW**^, C<D#c)g£ 
xeectt«Atf«BECVDffi*fflC\ NUnSttl 5 0 n 40 
mi«c 5»C, H8K5Vrj:5K: % SiO, K3 5CD 

Xh7X^36Wn, fltS iO, 4, C(DU 
^X FvX£3 6 5CS^l>rx^^>yflPXT^c C(D 

fflOT, Sg2 0 e C, )3E*2. 7 Pa, RFUJ^lOO 
0WO*frK, JKJcotfX&OTCHF, 445 sec 
mOaEarStL&^Sff^. FvX£3 6 

4BfrfcT£<b, ■ eK5<rJ:9fic, y-h«@<DJf^tc 50 



*SHJ¥1 0 - 3 0 3 4 1 2 
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A#-Xb3ftfcS i 0 2 JR3 5 a^n^ 
[0 04 3]«^t, 09*c^l,/c^*~>fb3ftfc:S 
iO, !35a^7X^ilt, #y5/»ja>34, £ 
>yx?>^yiM F3 3^x^>m o CCDx* 
^>^JJPX«, m«jaffi2 0°C, EE*0. 4Pa(Dfc 
itECR^Xvx^t-^tffk RFHJA 
raUf^'r80W, S2^r77't30Wit 
£ 0 #iJ;i«Cl 2 &£>'0 2 4ffll\ 

^ftl7 5s ccm, SsccmCDSltSt. tft 
KJ:*K Ml OCC^Tcfc^icS i O, Jg3 5a<b0-^ 

£-><D#y^yrj>3 4 aa^>^f»y^-f 

F3 3amti, cn6^- f>mH3 7 <ttt£ 0 
[0 044] ^tC, LDD1 <07jvi±-r) ^(D^ttW® 
^A4tf^ 0 C<D»£\ CMOS^nMOSh7>^^ 
%t pMOS h"7lsV>X$<D%: ft-eftiC, l/^Fv^ 
^CCJ:*) -f*>4fT^#W&« LDDJB*»frt4Ci«: 

7hxl/^hP>M*WJtl>Ci^-C#^ LDD 

hflffi3 7<DflWffl$C1M Ftf*-^ 8e«t^c it 

-r F«?*--rt/3 8*Hwsaw« fc iiorv-x/F 

;b 3 8 <DTJf(D L D D etCfitA $ n^S <D4RS <* fca&T $> 

& 0 ctucjnx., #y ^><dd-^ *-mc&^ 
xzisPxt- 4 f m<DMWk£&m v y if >r F4 
^tcHtfCicci^r, >->yu->f foco 

Sl^^n*;- (Morphology) CD«£ 

fb4W^J*c#^» 0 f->*-^3 8«:. *r#y^u 

«5, y-x/FU^>saR«*B«-r*. ccDi^, Bl 
120C^-TJ:^CC, CMOS(DpMOSh7>^** 

?i5jsRr*»^cc««Atin^^fb^n> (bf, ) -^t 

>4> nMOS h7>^X$«rMt^Uim« 

mm (As) ^*>4>f:*>ffA*r&o c<d^, nM 

OS h7>W*ipMOS h^>^X*©^fe— 

9 r vx ^ *r s c t dc <t o -e- tt-e no * >4rr^^ 
n4ff«o«m^<b-r^ 0 », 7^u^ 

[0 04 6] «±©««<0»JiR*i»t>oft:6, ^F««* 
»Al/cy-Hi3 7, LDDH, y-VKU-f> 
^IS^^0^^4^{bT^^^(D^ffl4tf^o 
*CDi*©^ft-tt 4 0Jx.tfjaJK4 1 0 0 0U jittfPSfBl 
41 0#<bUr, ArtmttRTA (Rapid 



15 

Thermal Annealing) MS^rtf *) „ ^ 

(DmrM-goya-texdcx, mi 3icm-t^^nc. mm 

;U4 2Ct<£3a>£^ h*-;b©;A:ti&, IS«4 3©» 
J&&££J«iWT -jt, H 2 dt^-rt»jt©L D DJi&tKy 
- MHi©-?---!' Ff*-Mft4CMOSfM-('^i!iS 

[004 7] j^O, 01 ICTskLtcffimoiir- [-nm*&T 
iCMOSf^^OW^icB. ±-C8i98l/fc«»»ffi 
CD^*.. Xhs^SiO, 3 5a^Mf4Il, LD 

mzmmz^K — i3(c^b/c»i©y-ni 

fc * > y X f > ^ y D- A F 3 3 * JfclS o ^ y a 

>3 4*^RR-rSmr{C, $>W7->i"Jt-fH3l; 

3nm©M*>Wf> (WN, ) I2 0^I^Ci 

cf-C. SUg*8 5 0*C. mmmfflZB OftkLXRT A 

[0 04 8] 03lC^-fJ;*>&^t£>^X^>IK2 0 
4J>yxf>->'Jt-/ F 1 3<t^y->ya>i 4©P<8 
CC**A-r&C<!:CCj:9. V-X/FU'-r>4fctWi*JBfiS 

-i-*BS©^Wtt-f*>*J*>i> r ^'f >j/y*-f h i 3 tc 
s-c&Asn&^isrK #y*^ya> 1 Amo^mmfi 

$Zsif*TZs*/ F 1 3fllipNi£tfcT£©%gft*> 
^■f>Jg2 0K<fc- 5 rffl±-r5Ci3&i-C#S. c©fc 
«>, ZStfXT-yuW'i F 1 3 ©tt^re&^if*^© 
J^«:AorSMW-*©*ffia«:l»jt-r*ci3&J-c* 
a. 

[ 0 0 4 9 ] ft, ±E"CB. 06 iOMjUfiftHj^/cJ: 
5iC, y-hSffi3 70±iO#yj/'j3>3 4Ki 
(P) SK-tr^ytiCiKiotSWWtLfc*. C 

ti«tt©^e». mum* (As) (B) r 
fcjcstc. y- hmffi3 7©T)i©^>i'x^>^yif 

•rF3 3a©IM3 0nm, ±IO#^'J3>2/y 
a>34 a©JRJS£ 1 20 nm, i^-f F9 * — Jl/3 8© 
fl^l 5 0nmilfc!l)!, C*l6Wffl*©y^*-( X© 
BM©tt*6. BW. Wttfc^KiStraESSEJS-r^Sc 

mm± tern® snscMosfA-^x^ici 

-a-C^l/^. SO Ifltj^CMOSfv-WXfCot^ 
T fc * aft? & C t ifi-C * £ . 

[0050] etc, .hiertt, iS5Bi*^)S-> y-y-f F£ 
uio^f >f ytM f (ws i, ) *ffli>fc*g^ 
**mi§ l <fe©i«wu^^« i"jt^K. m*. «* y 

^f^yt-f K(MoSi, )> Z>jul>isVlM F 
(TaSi, ) . ^*>->y-9-^ F (T i S i, ) 



(9) ftmW- 1 0-3 034 1 2 
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*, WEftft^nmK. CMOS© P MOSh 

7>yx^tinMOS h7>i^X^©L^l^filfiEEV th 
©MWt, y-FHMtlli©***. SSS^Kiiffi 
t$UHJI5/?X©|sgtc 5=- f * ;uSP»CC^^«c^*6i^ ^ > # 

*l-£>. 

[0 05 1 ] 

10 [»»©»*] UlilMSOfcJiSCc. *»W«cJ:titf. 
y- r-m&©5 *>y- F^Ui«c»^-4T»*KiWli^ 

«^y-y--f Fi-rscifct*). L.scMifi«JBcias* 

#ASf±*K^*^ y a>©7-?> F*> » -7'©ct>*#i5 
tc* (MPT* . 0 *«,»flMEE*«iEaiB{clW»-r 4 Ci*s 

-c££„ c©iSffiL*^st/y-y-^ F©±{crtSBfS 
*©Jt®w^s t,>* y y a >*jf5fi£-r-s c £ tc «t ^ r 

y- F*fit^»*+»&«IW<!:-r4Ci3&s-C#4©-C. 

y- hiCT©9 : - + *^S)5^«C^®n r ^>^ffiA3n-2. 
20 ©*WS5!i{cp>5±-r4c<t*ir#S. —7?. rtm&;/j©A- 
#^isaii^3fe)s^ y •y-'f F©jgJi£+#&&s(t0t&-r 
sct^-e^©^ y- FKffcM{cEn»n3tis?ioSS 
o lE^tt/jNg < & o . ^-©te* y - e» ®jfe^»i!tffi«j§f© 
i#AWA6ns©-c. fAvx©iffitt«*5ci 

*s-C#4„ £/c. L/#t^mH«ci*«^#^?i,y-hm 
*©iMI:Bli©»ffiftifi©tt*IW»iy- h^ffi©i¥§ 

fe£©-y>fX£^sij/7(cs:itr§.s©-c. ^o-fe^as? 
©efts*5jf-r„ ^y^y a>©-yw f-?*-^ 
(cj;n>-ciSfflL*^i5yy-y--f F*HtfC<t«:J:«). WRk 
30 j^r^ y -y--f F#iMt*H£t<cjgs $ 6 s < & -s 
©r. y- hsg±f*©Mg!{t^tt»^±b. ^©fs 
*. y- h wsiwwukmwmc s^sntfc, isat*^ 

(Morphology) ©3fe<b*»«-C**. 
[0®©fSW«CSSHJ] 

[01] ^wa«T?ii>?>n4«6woii i xte^ffi 

©y- h^ffi©#ii£^Lfc#rM0-C&&. 
[02] *iif*K5fll|5II»t?flH,»6tl4*lfel«©l»2**S 
ffJS8©y- F«S©«jS^^O/c»rM0-T?*4 o 

40 [03] mm#mmm&-T;m^i~>tiz*&w<Dm3mm 
[04] H2«:*wfc^©y-F*«*:frra#u»# 

^S©$«iiy*Fi**SiWr-Sfc8f)©»rW0t?* . J/'ja 
>»*3 0±CCLOCOSjS*fflt>-C3R : f»li«l«3 1 

[0 5 ] H2fcml/fc|*»©y- h*ffi ; &*-r'S*«f* 

*w©wjt*ffi*»w^**t«>©»riina"c*o, y-F 
K{tM3 2©±(c*>yxy>syy-y--f F3 3, !j<y^ 

so [06 ] 02(cmb/c««©y- F«a*wr 



(10) 



10-303412 



17 



18 



[ii7] m2t t c^btcmm<oy- bnmzm-tz^mw 
&mom&?i&zi&w?&tc&(Dmwm'v&t). sio 

2 ii3 5<o±t<ci>isx b*'?m)b. y * b vvy^y << 

X¥- hm®<D^£->fcg^T^£-->^£?T 10 
[19] H2CC7nt/c«^cD^- hmffi^rW-r^^f* 

[ilO] @2CC^U/ctt^coy- h^S^WT^>¥2g 
^V3>34aM^>^f>^"if^ F3 3 a£S 

io, jg3 5 a tm— ^*->t<cmj:oxy- bm&3 
rain m2t<cmLtcffi&<Dy-bmm*m?z>mm 

[012] @2^Ufc^(Z)^-hmS^W*r^^« 

[013] 02^u/c«igcDy- 

JU4 2&Ccfc£:3>£* b*~;U<D^it#), I5I£4 3<DJB* 



[014] nMOS h7>^^ipMOS h^>^X 



W**<8»-r*c;i*«i?ii-r*ft:a6©ia'C**. 

[015] ^^f^'Jt-/ F (WS i x ) 6 0£ 

*<Dffimmx&z> 0 

10,30 is *) zi >atg 

11,37 h^ffi 

12,32 FBMfc 

13, 33, 33a, 55 
*M F (WS i x ) 

14, 34, 34a, 51 



l(S i 0 2 ) 

5 6 ^>^f>^'J 



1 5 
1 6, 
1 8, 

1 9 

2 0 

3 6 
3 8 

3 9 
40 

4 1 

4 2 
43 

5 0 
5 2 

5 4 

6 0 



5 3 # y f y 3 > 
I ( S i O, ) 
3 1 LOCOS CtJ:&3R?jMMM 
3 5, 3 5 a * F *'*S i O, 

Ht^y^fy (WN X ) 
y * F F 

nnwusit 



nMOS h^>>^£ 
pMOS VyZsVXZ 
CMOS 



1 :**~H 



t 6 




[02] 



1 4 : U ^ U 3 > (1 2flnm) 

t 3 : WS i k (3 0 nm) 
I 6 : *^#««t* 

I 2 :*-h*Ht* 
I 0 : S i IMS 



i 4 : #y->y 3> 

1 3 : WS i . 




[04] 



3 2 : S i O, 



3 1 




3 1 : 



(11) 



«fM¥ 1 0- 3 0 3 4 1 2 



[03] 
i 5 : mmmmm 



[05] 



3 4 : rty *>V3 V 




) 4 : * U 5* U 3 ^ (1 2 0 n m) 
/ 

2 0 :WM« <3 nm) 

1 6 : *^<tw* 

1 3 : WS » k (3 0 nm) 
I 2 : ¥- httfcft 
1 0 : S i *« 
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